A flow-injection dual biosensor system with microdialysis sampling is proposed for the simultaneous determination of Dlactic and L-lactic acids. The dialysate from the microdialysis tube is delivered to a sample loop of the six-way autoinjector and then automatically injected into the flow-injection line with a dual enzyme electrode arranged in perpendicular to the flow direction. The dual enzyme electrode is constructed by hybridizing a poly(1,2-diaminobenzene) film into two sensing parts which respond selectively to D-lactic and L-lactic acids, respectively, without any crossreactivity. The proposed flow-injection analysis method can be successfully applied to the simultaneous determination of D,L-lactic acids in alcoholic beverages.
The acids are usually determined by chemical derivatization using a fluorogenic reagent, 4, 5 followed by HPLC [4] [5] [6] [7] or a capillary electrophoresis 8 system that has adopted chiral separation, and UV-visible [6] [7] [8] or fluorescence detection. 4, 5 However, most of such methods include some time-consuming steps and are not suited for the rapid analysis.
Many research groups have proposed the enzyme sensors for the specific detections of L-or D-isomer of lactic acid. Most of the enzyme sensors proposed are based on the amperometric [9] [10] [11] [12] [13] and chemiluminometric 14 detections of hydrogen peroxide or NADH produced by the lactate oxidase or lactate dehydrogenases (LDH) as a recognition element. A new method 15 that used natural animal tissue porcine kidney as a recognition element is also proposed for the chemiluminescence sensing of L-lactic acid. However, the development of biosensors which may enable the simultaneous determination of L-and D-isomers of lactic acid had not been achieved except for the successive detection 14, 16 of the two isomers. In this note, a dual enzyme electrode suitable for the simultaneous amperometric detection of D-lactic and L-lactic acids is described. The proposed dual electrode consists of two platinum disks modified by an L-LDH/diaphorase or D-LDH/diaphorase membrane cross-linked by glutaraldehyde, as a recognition element. Furthermore, the electropolymerization process to coat with a thin film of poly(1,2-diaminobenzene) was subsequently carried out to protect the electrode from direct (nonenzymatic) oxidation of interferents such as L-ascorbate, urate, and cysteine. The analytical performance of the dual enzyme electrode was assessed under a flow-injection line with a microdialysis sampling system, particularly on optical specificity for D-and L-isomers of lactic acid. This method was successfully applied to the simultaneous determination of Dand L-lactic acids in alcoholic beverages.
Experimental

Reagents
L-Lactate dehydrogenase (L-LDH; EC 1.1.1.27, 1060 U mg -1 of protein from rabbit muscle), D-lactate dehydrogenase (D-LDH; EC 1.1.1.28, 276 U mg -1 of protein from Lactobacillus Leichmannii), L-, and D-lactic acids were from Sigma, and diaphorase (EC 1.6.99.2, 124 U mg -1 of solid from Clostridium kluyveri) and nicotinamide adenine dinucleotides (NAD + , oxidized form; NADH, reduced form) were from Oriental Yeast. Glutaraldehyde, gelatine, and flavin mononucleotide sodium salt (FMN) were obtained from Wako. They were used as received. All other chemicals were of analytical reagent grade. Distilled water, purified using a Millipore Milli-Q system (Nippon Millipore), was used throughout.
Construction of a dual enzyme electrode
A BAS cross-flow electrochemical flow cell was used for the surface modification of the electrode. The electrode assembly consisted of a dual electrode with two platinum disks (3 mm in diameter) as a working electrode, a silver-silver chloride reference electrode, and a stainless-steel as an auxiliary electrode in a measuring cell thermosted at 30 ± 0.2˚C. Prior to the enzyme coating, the surface of the platinum disks was polished with 1 μm diamond particles (BAS), and then coated with the poly(1,2-diaminobenzene) film by the electropolymerization of 1,2-diaminobenzene according to the previously described procedures. 17 Each of the platinum disks was then modified by cross-linking enzyme and gelatine using glutaraldehyde. The method was as follows. The L-LDH (0.5 mg protein) or D-LDH (0.5 mg protein) and 30 μl of 5% (w/v) aqueous gelatine were added to 50 μl of 0.05 M sodium phosphate buffer (pH 6.5) containing diaphorase (0.5 mg solid). A 10-μl portion of 1% (v/v) solution of glutaraldehyde was added to each of the mixed enzyme-gelatine solutions. A 5-μl aliquot of the resulting solutions was carefully spread out onto each of the two poly(1,2-diaminobenzene) film coated platinum disks. The membranes were allowed to form for half a day at room temperature, open to the air. The dual enzyme electrode was assembled into the electrochemical flow cell, and washed with 0.1 M glycine buffer (pH 8.0) to remove the excess of enzymes and the residual aldehyde groups onto the enzyme membranes. The completed electrode was stored in phosphate buffer (0.1 M, pH 8.0) containing 10 μM FMN at 4 -5˚C when not in use.
Microdialysis FIA system
The microdialysis FIA system used in this work is outlined in Fig. 1 . In this system, a microdialysis tube was used as a sampling probe and of a design shown, constructed by inserting a regenerated cellulose dialysis fiber (o.d. 220 μm, i.d. 200 μm; molecular cut-off approximately 50000) into two fused silica tubes (o.d. 470 μm, i.d. 350 μm). A stainless-steel fiber (50 μm in diameter) was inserted into the dialysis fiber to hold the shape shown in Fig. 1 . The two ends of the dialysis fiber were glued in the interior of the fused silica tubes, leaving an active length of 40 mm. The two fused silica tubes were served as the inlet and the outlet of perfusate, respectively. A two-channel microsyringe pump (Eicom EP-60) was used for the delivery of perfusate. The outlet of a microdialysis tube was connected to one port of a six-way autoinjector (Eicom EAS-20). The FIA set up was made up of an Eicom double plunger μl pump, an injector (Rheodyne 7125) with a sample loop of 5 μl, a six-way autoinjector with a sample loop of 5 μl, an electrochemical flow cell with a dual enzyme electrode (applied potential: 0.5 V versus Ag/AgCl for each sensing part), a Fuso HECS-966 multichannel potentiostat, and a multipen recorder (Nippon Denshi Kagaku U-638). The dual enzyme electrode was arranged in perpendicular for the carrier flow direction and connected to the outlet of the autoinjector. All of the parts were connected with PTFE coils (0.25 mm i.d., 20 cm length).
Procedures
A microdialysis probe was immersed in a standard solution or sample solution. In the first stage (load mode in Fig. 1 ; for 60 s) for the operation, the dialysate from the tube was delivered to the sample loop of a six-way autoinjector by perfusing 10 mM pyrophosphate buffer (pH 8.5) containing 0.1 M NaCl at a flow rate of 95 μl min -1 . Simultaneously, a standard solution containing L-and D-lactates (0.1 mM each) was occasionally injected in the FIA line for checking the drifts in the sensor sensitivity. The optimized carrier buffer was a 0.1 M, pH 8.5, pyrophosphate buffer containing 10 μM FMN and 0.5 mM NAD + and pumped at 0.2 ml min -1 . In the second stage (injection mode in Fig. 1; for 30 s) , the dialysate collected in the sample loop was injected into the carrier stream by switching the valve. Switching of the valve was repeated automatically at a regular time interval. In this manner, the L-and D-lactates in the dialysate were detected simultaneously and repeatedly at a downstream dual enzyme electrode.
Results and Discussion
In the preliminary experiments, two sensing parts of the dual enzyme electrode were arranged in perpendicular for the carrier flow direction and 0.1 M sodium pyrophosphate buffer (pH 8.5) containing 0.5 mM NAD + was pumped at a flow rate of 0.2 ml min -1 into the FIA system without a dialysis flow-line. The injection of a mixed solution of L-and D-lactates gave two FIA signals, because it resulted in the production of electroactive hydrogen peroxide as an end product by successive reactions shown below, occurring during diffusion through the enzyme membrane on each sensing part. 
The diaphorase from Clostridium kluyveri, has been found to catalyze the subsequent reaction (Eq. (2)) incorporating an oxygen molecule without the acceptor such as hexacyanoferrate(III).
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The L-lactate and D-lactate sensing parts responded selectively to L-and D-lactates, respectively, and there was no apparent cross-reactivity between the two sensing parts.
Also, the combination of poly(1,2- diaminobenzene) film to each enzyme membrane was effective to block the access of electroactive interferents (ascorbate, urate, cysteine, etc.) other than hydrogen peroxide generated enzymatically to the platinum electrode surface, as reported before. 17 As a result, each of the two sensing parts responded selectively to a corresponding analyte without any interferences in the presence of ascorbate, urate, and cysteine below 1.0 mM.
In the FIA system with a microdialysis sampling shown in Fig. 1, 10 mM pyrophosphate buffer containing 0.1 M NaCl was pumped to the sample loop of a six-way autoinjector through a dialysis tube with a microsyringe pump, while the carrier solution was also pumped with a double plunger μl pump. Experiments were carried out to establish the optimum conditions of the carrier solution for the dual enzyme electrode, especially for the pH, NAD + concentration in the carrier, and the flow rate. The maximum response was obtained at pH 8.2 -8.8 for D-lactate at the D-lactate sensing part and at pH 8.4 -9.2 for L-lactate at the L-lactate sensing part, respectively, of the dual enzyme electrode. Therefore, 0.1 M sodium pyrophosphate buffer at pH 8.5 was selected for subsequent work. As the NAD + concentration in the carrier solution was increased, the sensitivity of both sensing parts was increased. The optimum NAD + concentration was 0.5 mM, because the increase was slight at higher concentrations for both sensing parts of dual enzyme electrode. The measurements were also made at 30 ± 0.2˚C throughout this work. When the carrier flow rate was increased from 50 to 400 μl min -1 , while keeping the flow rate of the perfusion solution (10 mM sodium pyrophosphate buffer at pH 8.5 containing 0.1 M NaCl) at 95 μl min -1 and the sampling time by the dialysis probe of 60 s, respectively, the signal currents to D, L-lactates gradually decreased in a similar manner, because the carrier flow rate was related to the residence time of the sample zone in the dual enzyme electrode. The time required for the simultaneous determination of D-and L-lactates, however, became excessive at lower flow rates, and so a flow rate of 200 μl min -1 was recommended. Also, when the flow rate of the perfusion solution was 95 μl min -1 , the permeability into the dialysis tube was 3.5 and 4.0% for Dlactate and L-lactate, respectively. Under these flow conditions, the optimum time intervals of the load and injection (see Fig. 1 ) were 60 and 30 s, respectively, and up to 40 dialysates h -1 could be analyzed. Calibration graphs for D-lactate and L-lactate were run using standard solutions of both analytes with concentrations between 0.01 and 2 mM, which were measured in triplicate under the recommended flow conditions. Figure 2 shows log-log calibration graphs for D, L-lactates obtained by the present microdialysis sampling. The linear relation between the signal currents and the concentrations was observed in the range of 0.02 -1.0 mM for each species, with linear correlation coefficients larger than 0.998. The slope was 91.5 nA mM -1 for D-lactate and 101 nA mM -1 for L-lactate, respectively. The relative standard deviations of the signal currents for seven replicate measurements were 2.1 -2.5% for D-and L-lactates at a concentration level of 0.1 mM. The recovery studies were also carried out by adding known amounts of D-and L-lactates to the alcoholic beverages; a beer sample and a sake sample diluted by a factor of 10 and a red wine sample diluted by a factor of 25, respectively, with the perfusion solution. The results showed good recoveries, ranging from 97 to 103% for Dand L-lactates (see Table 1 ). Also, to confirm the stability of the measurement, we monitored the signal currents for D-and Llactate continuously over a period of 5 h, after a microdialysis tube was immersed in a sake sample diluted by a factor of 10. As a result, the sensitivities for both analytes decreased much less (within 5%). Therefore, before the analysis the drifts in the sensor sensitivity were checked by injecting a standard solution containing D-and L-lactates (0.1 mM each) into the FIA line, as described in the Experimental section.
When the dual enzyme electrode was stored at 4˚C in optimum buffer, it retained most of its activity for 6 weeks. However, when the measurement was carried out for 3 h per day, the stability was not good compared to storage stability. After 3 weeks, the activities for both sensing parts of the dual enzyme electrode decreased to 58 -68% of their original values. 
